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Re: New U.S. Patent Application 

Continuation- in- Part of Serial No. 08/781,308 

Title: METHOD OF MAKING FREE ACIDS FROM POLYSACCHARIDE SALTS 

Case Docket No.: 281-28 



Dear Sir: 

Transmitted herewith for filing is the patent application identified 
above. Enclosed are: 

1) Specification, claims, and abstract (17 pages) 

2) Declaration and Power of Attorney (unsigned) 

3) Response to Rejection in Parent Application (2 pages) 

4) Declaration of Ellington M. Beavers under Rule 132 (5 pages) 

This application is being filed without a filing fee, and without a 
signed Declaration, pursuant to the provisions of 37 CFR §1. 53(b). The 
filing fee and signed papers, and the surcharge for late filing, will be 
submitted later. The names of the inventors are set forth in the unsigned 
Declaration. 



Please direct correspondence, in this matter, to the undersigned. 



Sincerely, 

William H. Eilberg v 
Registration No. 28,009 
Attorney for Applicants 



Via Express Mail 

Label No. EE369870954US 
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Enc. 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Serial No. 
Filed: 

Continuation -in- Part of: 

Inventors : 

Title: 

File No. : 



Not Yet Known 

Not Yet Known 

Serial No. 08/781,308 

Ellington M. Beavers et al 

METHOD OF MAKING FREE ACIDS 

FROM POLYSACCHARIDE SALTS 

281-28 



RFSPONSE TO REJECTION IN PARENT APPLICATION 

Hon. Commissioner of Patents & Trademarks 
Washington, DC 20231 

Dear Sir: 

Applicants submit this paper in response to the rejection of claims 
made in the parent application (Serial No. 08/781,308). Some of the claims 
in this continuation-in-part application are the same as claims rejected, 
and cancelled, in the parent case. 

The Examiner in the parent case rejected the product -by- process 
claims, relying on the patents to Huang and Delia Valle, and also citing 
Cipriano and Ochoa Gomez. 

Applicants submit that the free hyaluronic acid produced by the 
process of the present invention is demonstrably different from what is 
obtained by the methods of the prior art. 

Attached is a Declaration of Ellington M. Beavers, one of the inven- 
tors herein, explaining several experiments conducted. The details of the 
experiments will not be repeated here. The experiments show that the 
processes exemplified by Delia Valle, Cipriano. and Ochoa Gomez all yield a 
product which is hemolytic and cytotoxic, and therefore not suitable for 
use on medical devices which are to be implanted in the body. By contrast, 
the product made by the process of the present invention does not suffer 



from the above -described disadvantages. 

The processes of the above -cited patents all involve passing sodium 
hyaluronate through an anionic membrane. The membrane used in the present 
invention is non-ionic and electrically neutral. Some of the claims 
presented in this new application emphasize this difference. 

The patent to Huang states that pure hyaluronic acid is used, but does 
not disclose how the hyaluronic acid was made. However, in view of the 
experimental evidence set forth in the attached Declaration, it is clear 
that not all hyaluronic acid is alike, and that the characteristics of the 
product are greatly affected by the method of manufacture. Thus, absent a 
suggestion, in Huang, of the use of the present method to make the product, 
the patent to Huang cannot be deemed suggestive of the present invention. 

In summary, none of the cited references discloses or suggests a meth- 
od of making free hyaluronic acid which is non- hemolytic, and which is not 
cytotoxic. Applicants are believed to be the first to provide a pure form 
of hyaluronic acid, which is suitable for coating medical devices to be 

implanted in the body. 

For the reasons given above, Applicants submit that all claims are 
allowable, and request early favorable action by the Examiner. 



Respectful 1 y submi tted , 



Wi I liam H. Ei Iberg, tsq. C 
Registration No. 28,009 
820 Homestead Road, P.O. Box 7 
Jenkintown, PA 19046 
215-885-4600 

Attorney for Applicants 
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MFTHQD OF MAKING FREE ACIDS FROM POLYSACCHARIDE SALTS 

CROSS-REFERENCE TO PRIOR APPLICATION 
This is a continuation-in-part of U.S. patent application Serial No. 
08/781,308, filed January 15, 1997. 

BACKGROUND OF THE INVENTION 
The present invention provides a method of making free acids from 
polysaccharide salts. The invention is especially useful in making pure 
hyaluronic acid. 

Polysaccharides have been shown to be useful in making hydrophilic, 
lubricious coatings on substrates. Such coatings are described in U.S. 
Patent Nos. 4,801,475, 5,023,114, and 5,037,677, the disclosures of which 
are hereby incorporated by reference. In general, these patents disclose 
bi laminar coatings comprising a primary coat which adheres tightly to a 
plastic substrate, and a top -coat which comprises a polysaccharide which is 
hydrophilic, lubricious and durable. The primary coat and the top -coat are 
grafted together with covalent bonds, and retain their individual 
identities even after grafting. The bi laminar coatings can be used on 
catheters, guide wires, prosthetic devices, intra -ocular lenses, or other 
devices which are permanently or temporarily inserted into the body. 

The preferred polysaccharide described in the above -cited patents is 
sodium hyaluronate. Sodium hyaluronate was first isolated and identified 
chemically as a polysaccharide in the early 1930s. It occurs in nature. 
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has never been synthesized, and is a component of the mammalian system, 
occurring in especially high concentration in the mucosa, in the umbilical 
cord, and at the body's movable joints. Although it is commercially avail- 
able as the sodium salt, it is commonly spoken of as "hyaluronic acid" and 
in everyday parlance as "HA". In most cases, the sodium salt is entirely 
satisfactory for the role it is called upon to play. Indeed, other salt 
forms, such as the potassium salt, may be irritating to some membranes and 
even toxic. 

However, for important new uses of the polysaccharide, the free -acid 
form is needed, as for example when the carboxyl group is required to par- 
ticipate in chemical reactions that do not proceed with the sodium salt. 
This requirement poses a quandary, because the industrial processes for 
salt splitting cannot be applied economically to the extremely viscous 
aqueous solutions of sodium hyaluronate having molecular weights of a mil- 
lion and more. Not only are such solutions extremely viscous, but they 
also display non- Newtonian, thixotropic flow, and as semi -gels do not flow 
readily under hydrostatic pressure. 

Although its sodium salt is commercially available, free hyaluronic 
acid is not an article of commerce. Moreover, it is believed, after con- 
siderable investigation, that the free acid is not commercially available, 
and never has been commercially available. The same is believed to be true 
in the case of other polysaccharides such as chondroitin sulfate, heparin, 
and carboxymethyl cellulose. 

The present invention therefore has the purpose of providing a pure 
acid form of a polysaccharide, such as hyaluronic acid, by a practical and 
economical procedure. The invention can thereby provide a substance which 
has not been produced. 
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SUMMARY OF THE INVENTION 

The present invention produces a pure acid form of a polysaccharide by 
strongly acidifying an aqueous solution of an alkali -metal salt of the 
polysaccharide, and then removing the acid through a semi -permeable mem- 
brane. The membrane is non- ionic and electrically neutral. 

In the preferred embodiment, the polysaccharide is sodium hyaluronate. 
The process is conducted by dissolving an alkali -metal salt of hyaluronic 
acid in water, dispersing, in the solution, an acid capable of producing a 
pH of 2.2 or lower at concentrations in water at 25° C of 0.01 Normal to 1 
Normal, dialyzing in water the above dispersion which is enclosed in a 
semi -permeable membrane having a molecular weight cut-off at least large 
enough to pass the acid added, and then harvesting the product. The 
process is similar when conducted with other polysaccharides. 

The invention also comprises the product made by the process described 
above, namely pure hyaluronic acid (HA) or the free acid form of another 
polysaccharide. 

The present invention therefore has the primary object of providing a 
process for making a free acid form of a polysaccharide. 

The invention has the further object of making pure hyaluronic acid 
(HA) from sodium hyaluronate. 

The invention has the further object of providing a practical and 
economical source of pure hyaluronic acid for applications in which the 
pure form of the acid is required. 

The invention has the further object of converting an alkali -metal 
salt of hyaluronic acid to the free acid form, in as chemically pure and 
contaminant -free condition as the original salt, or in better condition. 

The invention has the further object of providing pure hyaluronic acid 
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which readily undergoes chemical reactions with substances such as 1,2- 
epoxides, aziri dines, and alcohols, under conditions in which sodium 
hyaluronate is inert. 

The invention has the further object of providing a component used in 
making hydrophilic, lubricious, and durable coatings for devices which are 
intended to be placed permanently or temporarily in the body. 

The reader skilled in the art will recognize other objects and advant- 
ages of the present invention, from a reading of the following detailed 
description of the invention, and the appended claims. 

DETAILED DESCRIPTION OF THE INVENTION 

The method of the present invention comprises the basic steps of 
strongly acidifying an aqueous solution of an alkali -metal salt of a poly- 
saccharide, and then removing the acid through a semi -permeable membrane. 
The membrane is non- ionic. The pure acid form is then harvested from the 
interior of the membrane. 

In the preferred embodiment, the polysaccharide is sodium hyaluronate, 
and the method of the present invention produces substantially pure 
hyaluronic acid. The following Example shows basic details of the method. 

Example 1 

A greater -than -stoichiometric amount of hydrochloric acid was added to 
a solution of sodium hyaluronate, and the mixture was then sealed in 
dialysis tubing having a molecular weight cutoff (MWCO) higher than 36.5. 
The bag was immersed in distilled water. The pH of the water outside the 
bag dropped quickly to a level of approximately 2.5-3 as the mineral acid 
was extracted. The external water was changed periodically until its pH no 
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longer indicated that acid was being extracted. The hyaluronic solution in 
the bag was harvested at this point and was found to be free of chloride 
ion by a test with silver nitrate solution. 

The material harvested was shown to be a solution of hyaluronic acid 
having a pH of 3.0-3.5. Its viscosity was slightly lower than the original 
value, because of some dilution that occurred from osmosis of water through 
the membrane into the bag. No other changes in physical or chemical 
properties were apparent, as compared with those of the original material. 
The product readily undergoes chemical reactions with 1,2-epoxides, 
aziri dines, and alcohols under conditions in which the original sodium 
hyaluronate is inert. This new versatility gives the product commercial 
value not possessed by sodium hyaluronate. 

The addition of hydrochloric acid to the viscous solution of sodium 
hyaluronate causes a marked increase in viscosity of the solution. As the 
strong acid is added, the already viscous solution tends to become more 
viscous, even to the point of becoming a strong gel that undergoes shear 
only with forcing. Equipment such as a si gma- blade or dough mixer is 
available for handling materials of this kind. 

The dialysis expert might try to overcome the above -described mechani- 
cal problem by using the process described in Example 2, as a means of 
acidifying without dealing with the viscosity phenomenon. As shown later, 
the latter approach does not give satisfactory results. 
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Example 2 

A 0.61 aqueous solution of sodium hyaluronate with a viscosity of 37 
stokes was placed in a dialysis bag with MWCO of 2000. The bag was sus- 
pended in a one -tenth normal solution of hydrochloric acid, the solution 
having a measured pH of 1.4. For an equilibration period of at least 24 
hours, no change in pH of the outer phase was observed. The outer phase 
was then replaced with de- ionized water and the process of Example 1 was 
then followed. The final harvested product had a pH of 3.0, an acid value 
of 0.455 equivalents per gram, and a negative test for chloride ion. 

Although the product of Example 2 appears to have the same character- 
istics as the product of Example 1, the two behave quite differently in 
their reactions with carboxylic polymers as coatings, as shown in Example 
3. 

Example 3 

An emulsion copolymer of acrylic acid was mixed with Crossl inker CX- 
100 and deposited by coating knife at 6 mils wet on each of three acrylic 
panels 0.25 inches x 2.5 inches x 6.5 inches in size. Crossl inker CX-100 
is available from Zeneca Resins, of Wilmington, Massachusetts. The coating 
was air -dried for 2 hours. Each of the products of Example 1 (Case A) and 
Example 2 (Case B) was applied as a top-coat at 6 mils wet over the air- 
dried coatings. On the third acrylic panel, with an air-dried base coat, 
there was applied a solution of sodium hyaluronate (Case C) as in Cases A 
and B. The three panels were cured overnight at a temperature of 140° F. 
The panels were then placed in water in the pan of a BYK-Gardner abrasion 
tester fitted with a hog -bristle brush under a weight of one pound, and 
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cycling was started. The coatings of Cases B and C failed, by loss of wet- 
tability, in fewer than 5000 cycles, whereas the panel of Case A was still 
in its original good condition after 250,000 cycles. 

The basic reason for the large difference in performance between the 
panel of Case A, and those of Cases B and C, is not fully understood, but 
it is believed that part of the reason is that in the procedure of Example 
2, a gel barrier may have formed early and prevented intimate mixing of the 
strong acid with the sodium hyaluronate in the dialysis bag. In Case C, 
the strong acid essential to the present invention was not present. 

As explained above, one commercial application for hyaluronic acid in 
the free acid form is in the manufacture of hydrophilic, lubricious, bi- 
laminar coatings, wherein both a primary coat and a polysaccharide top -coat 
are capable of reacting with a grafting agent that will tie them together 
with covalent bonds and prevent the top coat from being washed away in 
aqueous media such as water or blood. The first coat might be, for ex- 
ample, a copolymer of hydroxyethyl methacrylate supplied in an organic 
solvent such as methoxypropyl acetate, and a polyisocyanate can be used as 
the grafting agent. However, if the very same copolymer were made in 
aqueous emulsion, the pol yi socyanates would either not be miscible with 
water or, if miscible with water, would react preferentially with the water 
solvent rather than in the desired manner with the hydroxyethyl meth- 
acrylate copolymer and the polysaccharide. Despite this problem, there is 
a strong incentive to use polymers in aqueous dispersions because of the 
ease of clean-up after use, and the absence of hazards of fire, explosion, 
and toxicity that are often present with organic solvents. 

Instead of pol yi socyanates, one can use polyfunctional 1,2-aziridines 
or 1,2 -epoxides, for example, as grafting and crossl inking agents, in the 
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presence of water, if the first -coat copolymer and the polysaccharide top- 
coat both contain free carboxyl groups for reaction with aziridine or 
epoxide groups. The carboxyl functionality is readily supplied in the 
first coat by including acrylic or methacrylic acid, for example, as one of 
the comonomers in preparing the emulsion polymer. The carboxyl functional- 
ity in the polysaccharide top coat is supplied by the process of the 
present invention. As shown in Example 3, Crossl inker CX-100, a poly- 
aziridine, is not effective in grafting the sodium salt of hyaluronic acid, 
and the top coat is therefore quickly washed away in the abrasion tester. 
As also shown in Example 3, a bi laminar coating of excellent lubricity and 
durability is obtained when free hyaluronic acid is used for the top coat. 

Strong acids that are suitable are those that would produce a pH of 
2.2 or lower at concentrations in water at 25° C in the range of 0.01 
Normal to 1 Normal. Thus, suitable acids are, for example, hydrochloric, 
sulfuric, nitric, orthophosphoric, and oxalic. Unsuitable acids, for ex- 
ample, are carbonic, hydrocyanic, acetic, or hydrogen sulfide. Acids that 
have the proper strength but also have strong oxidizing potential, such as 
certain peracids, should be avoided because of the possibility of undesir- 
able side reactions. 

Dialysis membranes made from regenerated cellulose or from cellulose 
esters are suitable for use in the present invention. In general, the mem- 
brane chosen should be non- ionic and electrically neutral. Pore size, 
which determines the molecular weight cut-off, should be at least large 
enough to pass the strong acid used. Considerably larger MWCO should be 
selected in most cases for the practical reason that the dialysis rate is 
faster as the cut-off level is increased. For example, when hydrochloric 
acid is chosen as the strong acid, a membrane with a MWCO of 100 has a pore 
size adequate for passage of HC1 , but other conditions being the same, a 
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membrane with MWCO of 2,000 gives a dialysis rate four times faster. 

Example 4 provides a further illustration of a typical operation of 
the process of the present invention. This example is only illustrative, 
and is not intended to limit the scope of the invention. 



A solution of sodium hyaluronate was prepared at 0.6* concentration in 
distilled water. The viscosity of the sodium hyaluronate was 150 stokes at 
25° C. While the solution was being mixed with a stainless steel agitator 
with a large perforated blade, 0.1 N hydrochloric acid was added, in the 
proportion of 2.5 pounds per 100 pounds of hyaluronate solution. When the 
acid was first being added, the viscosity of the mix increased rapidly, and 
the material climbed the agitator shaft. Thermowells and other baffles 
promoted mixing nevertheless, and the addition of acid was continued to 
completion. The viscosity soon reverted to about the original level, and 
stirring was continued for one hour. 

The solution was loaded into dialysis bags having a MWCO of 3500, and 
the bags were sealed and placed in de- ionized water. Within an hour, the 
pH of the external water bath had fallen to a value of 2.3. The water was 
replaced with fresh de-ionized water periodically, until the pH of the ex- 
ternal water reached 5.4. A sample of the dialysed solution was tested 
with 5% silver nitrate solution and found to be free of chloride ion. The 
dialysed solution was harvested and analyzed with the following results: 



Example 4 



Viscosity, 25° C 



27 Stokes 



Concentration 



0.551 



3.2 



Appearance 



Sparkling clear and 
colorless 
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The specific details of processing will vary with the type of equip- 
ment used, the choices made of factors such as concentration of the orig- 
inal hyaluronate solution, the source and characteristics of the sodium 
hyaluronate used, the nature of the added acid, and its concentration and 
ratio to hyaluronate, etc. However, the general principles that should be 
considered in adapting the process to particular circumstances are the fol- 
lowing: 

1. The ratio of external water volume to hyaluronate solution volume 
should be kept as low as practical, preferably in the vicinity of 5/1 or 
1 ower . 

2. An analytical tool is needed to detect the point at which the add- 
ed acid has been adequately removed. As a first approximation, one can use 
the pH of the external bath as an indicator of this point. 

3. For some applications, it will not be necessary, and perhaps not 
even desirable, to convert all of the salt forms in a given polysaccharide 
to the free carboxylic acid forms. In a sample of sodium hyaluronate with 
average molecular weight of 2 to 3 million, for example, only a few graft- 
ing points should be ample to anchor the top-coat to the primary coat, and 
a larger number of grafting points will diminish the potential lubricity of 
the final coating. To achieve less than complete conversion of salt forms 
to free -acid forms, the amount of strong acid added to the sodium poly- 
saccharide solution will be adjusted to less than the stoichiometric 
amount. Whatever the ratio of strong acid added to achieve desired 
results, the process will be operated after the addition in the same manner 
as described above. 

4. The temperature is not a critical factor, within limits. The 
process has been operated during winter and summer, and reaction rates are 
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very similar at temperatures as low as about 4° C and as high as about 30° 
C. The process therefore works essentially at any temperature that could 
be considered ambient. 

The process of the present invention is not limited to use with hyal- 
uronic acid, but has been demonstrated to be useful in converting the 
sodium salts of chondroitin sulfate, and of carboxymethyl cellulose, to the 
free acid. It should also be applicable to salts of heparin. The follow- 
ing examples show the results obtained with chondroitin sulfate and 
carboxymethyl cellulose. 



A 101 aqueous solution was prepared from chondroitin sulfate isolated 
from shark cartilage, supplied by Marcor Corporation. While the solution 
was vigorously stirred, 6.6 grams of one -normal HC1 per 100 grams of chon- 
droitin sulfate solution was added dropwise. The uniform solution was 
sealed into dialysis tubing having a molecular weight cutoff of 500 and the 
tube was immersed in stirred de- ionized water. After two water changes, 
the pH of the external water was 7.0, and the product of the dialysis was 
harvested. Analysis of the product gave the following results: 



Example 5 



PH 



3.9 



Viscosity 



0.4 poise 



AgN0 3 test for CI' ion 
Appearance 



Negative 



Clear, light amber 



The product could be gelled by reaction with Crossl inker CX-100. 



11 



Example 6 

In a similar manner, a 10* solution of a pharmaceutical grade of chon- 
droitin sulfate supplied by Seikagaku Corporation was acidified and 
dialyzed in tubing having a molecular weight cutoff of 3500. The product 
gave a negative silver nitrate test for chloride ion, had a pH of 3.7, and 
was colorless and sparkling clear. 

Example 7 

A U aqueous solution of sodium carboxymethyl cellulose was prepared 
and found to have a viscosity of 22 poises. It was acidified with 3.7 
grams of 1 Normal HC1 per 100 grams of solution and dialyzed in a membrane 
having a molecular weight cutoff of 3500. On the third day, after five 
water changes, the pH of the external water was 6.2 and the product was 
harvested. The product gave a negative test for chloride ion and had a pH 
of 3.4 and a viscosity of 2 poises. When mixed with CX-100, knife-coated 
onto an acrylic panel which had been coated with an acrylic acid copolymer, 
and heated at 60° C, the film became water -insoluble, but water spread 
evenly over the surface of the cured film and did not show beading. This 
is a desirable result, insofar as it shows that the coating does not dis- 
solve in water, and is properly grafted to the underlying substrate. The 
composite film, when completely cured, was lubricious and hydrophilic. 

The reader skilled in the art will recognize other variations of the 
method. Such variations should be considered within the spirit and scope 
of the following claims. 
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What is claimed is: 

1. A free -acid form of hyaluronic acid, made by the method comprising 
the steps of: 

a) dissolving an alkali -metal salt of hyaluronic acid in water to 
form a solution, 

b) dispersing in said solution an acid capable of producing a pH of 
2.2 or lower at concentrations in water at 25° C of 0.01 Normal to 1 
Normal , 

c) enclosing the dispersion formed in step (b) within a semi- 
permeable membrane having a molecular weight cut-off at least large enough 
to pass said acid, 

d) dialyzing the dispersion in water while the dispersion is so en- 
closed, and 

e) harvesting free hyaluronic acid from within the semi -permeable 
membrane . 

2. The product of Claim 1, wherein the membrane is chosen to be non- 
ionic. 

3. The product of Claim 1, wherein the acid added in step (b) is an 
acid selected from the group consisting of hydrochloric acid, sulfuric 
acid, nitric acid, orthophosphoric acid, and oxalic acid. 

4. The product of Claim 1, wherein the semi -permeable membrane is 
made from a material selected from the group consisting of regenerated cel- 
lulose and cellulose esters. 

5. The product of Claim 1, wherein the molecular weight cut-off of 
the semi -permeable membrane is at least twice as great as that needed to 
pass the acid added in step (b). 

6. The product of Claim 1, wherein the ratio of volume of the water 
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used to dialyze in step (d), to the volume of the hyaluronate solution, is 
5:1 or less. 

7. The product of Claim 1, wherein the steps are performed at a tem- 
perature in the range of about 4-30° C. 

8. The product of Claim 1, wherein the dialyzing step is performed 
until water surrounding the membrane has a predetermined pH. 

9. A free -acid form of a polysaccharide, made by the method compris- 
ing the steps of: 

a) dissolving a salt of a polysaccharide in water to form a solution, 

b) dispersing an acid in said solution, 

c) enclosing the dispersion formed in step (b) within a semi -permeable 
membrane, 

d) dialyzing the dispersion in water while the dispersion is so 
enclosed, and 

e) harvesting a free acid form of the polysaccharide from within the 
semi -permeable membrane. 

10. The product of Claim 9, wherein the membrane is selected to be 
non-ionic. 

11. The product of Claim 9, wherein the polysaccharide salt is sodium 
hyaluronate. 

12. The product of Claim 9, wherein the acid added in step (b) is an 
acid selected from the group consisting of hydrochloric acid, sulfuric 
acid, nitric acid, orthophosphoric acid, and oxalic acid. 

13. The product of Claim 9, wherein the semi -permeable membrane has a 
molecular weight cut-off large enough to pass the acid added in step (b). 

14. The product of Claim 13, wherein the semi -permeable membrane is 
made from a material selected from the group consisting of regenerated cel- 
lulose and cellulose esters. 
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15. The product of Claim 13, wherein the molecular weight cut-off of 
the semi -permeable membrane is at least twice as great as that needed to 
pass the acid added in step (b). 

16. The product of Claim 9, wherein the ratio of volume of the water 
used to dialyze in step (d), to the volume of the solution of step (b), is 
5:1 or less. 

17. The product of Claim 9, wherein the steps are performed at a tem- 
perature in the range of about 4-30° C. 

18. The product of Claim 9, wherein the dialyzing step is performed 
until water surrounding the membrane has a predetermined pH. 

19. The product of Claim 9, wherein the polysaccharide is selected 
from the group consisting of chondroitin sulfate, heparin, and carboxy- 
methyl cellulose. 

20. A free -acid form of hyaluronic acid, made by the method compris- 
ing the steps of: 

a) preparing a solution of sodium hyaluronate in distilled water, 

b) mixing into said solution an acid capable of producing a pH of 2.2 
or lower at concentrations in water at 25° C in the range of 0.01 Normal to 
1 Normal, to produce a mixture, 

c) enclosing said mixture in a dialysis bag having a molecular weight 
cut-off large enough to pass the acid added in step (b), 

d) placing the bag in de- ionized water, 

e) periodically replacing the de-ionized water with fresh de-ionized 
water, until the pH of the de- ionized water exceeds 5.0, and 

f) harvesting free hyaluronic acid from within the bag. 

21. The product of Claim 20, wherein the dialysis bag comprises a 
non- ionic membrane. 
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22. The product of Claim 20, wherein the acid added in step (b) is 
hydrochloric acid. 

23. The product of Claim 20, wherein the molecular weight cut-off of 
the bag is 3500. 
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METHOD OF MAKING FREE ACIDS FROM POLYSACCHARIDE SALTS 



ABSTRACT OF THE DISCLOSURE 
A free acid form of a polysaccharide is produced from its alkali -metal 
salt. In one example, free-form hyaluronic acid is produced by preparing a 
solution of an alkali -metal salt of hyaluronic acid, dispersing into the 
solution a strong acid, enclosing the dispersion within a semi -permeable 
membrane, dialyzing the dispersion in water, and harvesting the product 
from within the membrane. The strong acid can be hydrochloric acid, sul- 
furic acid, nitric acid, orthophosphoric acid, or oxalic acid, for example. 
The semi -permeable membrane is non- ionic, and has a molecular weight cut- 
off large enough to pass the strong acid, and preferably much larger. The 
invention provides a simple and economical way to produce a product which 
is not commercially available. 



17 



DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION 
As a below named inventor, I hereby declare that: 
My residence, post office address, and citizenship are as stated below 
next to my name, 

I believe I am an original, first and joint inventor of the subject 
matter which is claimed and for which a patent is sought on the invention 
entitled METHOD OF MAKING FREE ACIDS FROM POLYSACCHARIDE SALTS, which is a 
continuation-in-part of Application Serial No. 08/781,308, the specifica- 
tion of which is attached. 

I hereby state that I have reviewed and understand the contents of the 
above identified application, including the claims. 

I acknowledge the duty to disclose information which is material to 
the examination of this application in accordance with Title 37, Code of 
Federal Regulations, §1.56 (a). 

I hereby claim the benefit under Title 35, United States Code, §120 of 
the United States application(s) listed below and, insofar as the subject 
matter of each of the claims of this application is not disclosed in the 
prior United States application in the manner provided by the first para- 
graph of Title 35, United States Code, §112, I acknowledge the duty to dis- 
close material information as defined in Title 37, Code of Federal Regula- 
tions, §1. 56(a) which occurred between the filing date of the prior appli- 
cation and the national or PCT international filing date of this applica- 
tion: 

08/781.308 January 15. 1997 Pending 

Serial No. Filing Date Status (patented, pending, 

abandoned) 
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I hereby declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are be- 
lieved to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable 
by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize 
the validity of the application or any patent issued thereon. 

POWER OF ATTORNEY: As a named inventor, I hereby appoint William H. 
Eilberg, Registration No. 28,009, as my attorney to prosecute this appli- 
cation and transact all business in the Patent and Trademark Office con- 
nected therewith. Please send correspondence to William H. Eilberg, Esq., 
820 Homestead Road, P.O. Box 7, Jenkintown, PA 19046. Please direct tele- 
phone calls to 215-885-4600. 

Name of first joint inventor: Ellington M. Beavers 

Inventor's signature: 

Date: 

Residence: Meadowbrook, Pennsylvania 
Citizenship: United States 

Post Office Address: 931 Coates road, Meadowbrook, Pennsylvania 19046 
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Name of second joint inventor: Djoerd Hoekstra 

Inventor's signature: 

Date: 

Residence: Malvern. Pennsylvania 
Citizenship: United States 

Post Office Address: 743 Monument Road, Malvern, Pennsylvania 19355 
Name of third joint inventor: Yee San Su 

Inventor's signature: 

Date: 

Residence: Fort Washington, Pennsylvania 
Citizenship: United States 

Post Office Address: 1213 Boden Place, Fort Washington, 

Pennsylvania 19034 



Page 3 of 4 



Name of fourth joint inventor: Nicole Willard 

Inventor's signature: 

Date: 

Residence: Collegeville, Pennsylvania 
Citizenship: United States 

Post Office Address: 3870 Mill Road, Collegeville, Pennsylvania 19426 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Sena! No, 
Filed; 

Continuation- 1n- Pert of: 

Inventors: 

Title: 

File No.: 



Not Yet Known 
Not Yet Known 
Serial No, 08/781,308 
Ellington M. Beavers et al 
METHOD OF MAKING FREE ACIDS 
FROM POLYSACCHARIDE SALTS 
281-28 



DECLARATION OF FLLINSTON M ffFAV ERS UNflER R I.ILj. ?ff 
Ellington H. Beavers hereby declares as follows; 

1, I am one of the named joint inventors m the above- Identified ap- 
plication, which 1s a continuation-in-part of Serial No. 08/781,308. I 
make this Declaration 1n support of the patentability of the claims of this 
CIP application. 

2, In the prior application, Serial No. 08/781,308, the Examiner al- 
lowed the method claims, but rejected the product-by-process claims over 
several references which purported to disclose free hyaluronic add. The 
purpose of this Declaration 1s to establish, by experimental evidence, that 
the product produced by the process of the present invention is signifi- 
cantly and patentably different from the products made by processes dis- 
closed 1n the prior art. The following experiments describe the evaluation 
of coatings made from a) sodium hyaluronate, b) free hyaluronic add made 
according to the present invention, and c) free hyaluronic acid made ac 
cording to methods of the prior art. 

3, In the first experiment, cosmetic grades of sodium hyaluronate 
were obtained from four commercial suppliers and were designated as samples 
B. K, P, and T. Each of these was weighed into round bottles with a calcu- 
lated amount of distilled water to produce viscous solutions of 0.5* con- 



centration. All were dear, colorless and free of particulate matter. 
Following the teachings of U.S. Patent Nos. 4,801,475. 5,023,114, and 
5.037,677, cited in the above application, bilamlnar coatings were applied 
to a neutral, toxl col og1 call y clean plastic billet. The coatings were 
cured, and the coated billets were sent to a commercial toxicology labora- 
tory for tests of hemolysis, I.e. the tendency of the coatings to destroy 
blood cells, using rabbit blood, and for cytotoxicity, using an elution 
test. The results are shown In the table below: 



Sample, 


* Hemolysis 


Hemolytic?. 




Cytotoxic 


B 


36.8 


Yes 


Severe (4) 


Yes 


K 


27.3 


Yes 


Severe (4) 


Yes 


P 


28.2 


Yes 


Severe (4) 


Yes 


T 


2.45 


No 


Moderate (3) 


Yes 



In the above table, the term "reactivity" refers to cytotoxicity. The 
test surface was placed 1n contact with a cell culture, and the cytotoxici- 
ty was evaluated on a scale of 0*4. with "4" representing the most severe 
cytotoxicity. 

With regard to hemolysis, any value over 5* is considered hemolytic, 
and all but Sample T were therefore found to be hemolytic in the above 
test. All four samples were found to be cytotoxic. Therefore, all four 
samples must be considered unacceptable for use in forming coatings on 
medical devices for Internal use. 

4. In the second experiment, another sample of the cosmetic grade of 
sodium hyaluronate designated T was dissolved 1n distilled water at a con- 
centration of 0.6*. acidified with hydrochloric acid and transferred to 
dialysis tubing having a molecular weight cutoff of 3500. It was dlalyzed 
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against frequent changes of distilled water until the pH of the surrounding 
water reached 5.4. The dlalyzate was tested with 5* aqueous silver nitrate 
and found to be free of chloride 1on. The hyaluronic add was transferred 
from the dialysis tubing to a sterile bottle and found to have a pH of 3.0. 
Its solution was colorless, sparkling clear, and somewhat diluted to 0.5* 
sol Ids content due to reverse osmosis. 

When tested as the top«coat 1n the bllamlnar grafted coating described 
1n U.S. Patent Nos. 4,801,475, 5,023,114, and 5,037,677, the coating 
showed no reactivity 1n the test for cytotoxicity and rero percent 
hemolysis. This result shows the effective removal of the toxic factor in 
sample T that caused 2.451 hemolysis and moderate reactivity in the cyto- 
toxicity test, in the table shown 1n Paragraph 3, above. In other words, 
this product would be suitable for use on a medical device to be implanted 
1n the body. 

5. A further experiment was then conducted, to determine whether a 
similar Improvement could be achieved in the conversion of sodium hyal- 
uronate to hyaluronic add by the method of the prior art. 

Another ten-gram quantity of sample T was dissolved in distilled water 
at a concentration of 0.6*. It was stirred for one hour with five grams of 
Amberlite IR-120 (Plus), a strongly acidic gel -type resm m the acid form, 
and then filtered. The resulting solution of hyaluronic acid showed a pH 
of 2.8 and was clear and colorless. It was used as the top-coat 1n a bl« 
laminar grafted coating, as 1n the previous experiment. When tested, the 
coating showed hemolysis of 2.5* and was cytotoxic. Thus, the hyaluronic 
acid produced by this procedure would not be acceptable for use as a coat* 
1ng on a medical device implanted m the body. 

The procedure used m this experiment 1s comparable to those described 
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1n U.S. Patent Nos. 4.589.963 (Clpriano), 4.736,024 (Delia Valle), and 
5,268.079 (Ochoa Gomez). All of these patents rely on the tonic character 
of sodium hyaluronate to operate successfully. Thus, 1n Clpriano, the 
permselectlve membranes have anionic functionality (sulfonic or carboxyl 
anionic substituent groups), allowing the passage of positive sodium 1ons 
but repelling the negative hyaluronic anion, thus effecting the claimed 
salt-spl1tt1ng. The same dependence on 1on1c charge applies m the case of 
Ochoa Gomez, where an applied electromotive force causes the passage or 
rejection of Ions and effects salt-splitting. The same is true of Delia 
Valle. where an an1on«exchange resin 1s used to replace sodium 1ons with 
hydrogen 1ons. causing the formation of a solution of free hyaluronic acid. 

The process conducted 1n my above-described experiment was analogous 
to the processes of Ciprlano, Delia Valle, and Ochoa Gomez, because the 
strongly addle gel -type resin (Arobertlte IR-120 (Plus)) works 1n the same 
manner as a permselectlve membrane having anionic functionality. That 1s, 
the hyaluronic add 1s produced by separation of 1ons, due to the electri- 
cal properties of a separation medium, which, m this experiment, was the 
addle gel -type resin. In my Invention, by contrast, the separation is 
based not on 1on1c separation, but on the pore size of a non- ionic, elec- 
trically neutral membrane. 

6. The above -described experiments show that not all hyaluronic add 
1s alike. The present Invention produces hyaluronic add which 1s not 
hemolytic or cytotoxic, and which 1s therefore suitable for use 1n coating 
medical devices which will be implanted in the body. The patents to 
Clpriano, Delia Valle, and Ochoa Gomez show processes which yield products 
that are not suitable for internal use in the body. 
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7. U.S. Patent No. 5,532,221 (Huang) mentions free hyaluronic add, 



be deemed to suggest the present Invention. The mere mention of hyaluronic 
acid, without a description of the process used to make 1t, 1s not a teach- 
ing or suggestion of the present process. My experiments have shown that 
the method used to make the hyaluronic add greatly affects its usability 
in the medical field. I am aware of no prior art reference which teaches 
or suggests my method. 

8. I hereby declare that all statements made herein of my own knowl- 
edge are true and that all statements made on Information and belief are 
believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable 
by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize 
the validity of the application or any patent issued thereon. 



but says nothing about how the hyaluronic acid is produced. Huang cannot 
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United States Patent & Trademark Office 

Office of Initial Patent Examination - Scanning Division 




Application deficiencies found during scanning: 



L Application papers are not suitable for scanning and are not in compliance with 37 CFR 
1.52 because: 

□ All sheets must be the same size and either A4 (21 cm x 29.7 cm) or 8-1/2" x 11". 
Pages do not meet these requirements. 

□ Papers are not flexible, strong, smooth, non-shiny, durable, and white. 

□ Papers are not typewritten or mechanically printed in permanent ink on one side. 

□ Papers contain improper margins. Each sheet must have a left margin of at least 
2.5 cm (1") and top, bottom and right margins of at least 2.0 cm (3/4"). 

□ Papers contain hand lettering. 

2. Drawings are not in compliance and were not scanned because: 

□ The drawings or copy of drawings are not suitable for electronic reproduction. 

□ All drawings sheets are not the same size. Pages must be either A4 (21 cm x 29.7 cm) 
or 8-1/2" x 11". 

□ Each sheet must include a top and left margin of at least 2.5 cm (1 "), a right margin of 
at least 1.5 cm (9/16") and a bottom margin of at least 1.0 cm (3/8"). 
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are not of sufficient clarity, contrast and quality for 



electronic reproduction. 
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